Caffeine is well known alkaloid chemical compound belonging to the methyl-xanthines group. It is an active substance that is found in many cosmetic products, as it has a stimulating action on both the central nervous system and the metabolism. Commercially available topical formulations normally contain 3% of caffeine and 7% anticellulite products. The aim of our work was to investigate the properties of four cream preparations. These consisted of 5% of caffeine and one of four different emulsifiers (GSC, Sodium polyacrylate, Emulsifying Base, MDS). In our work, we compared the physical properties (spreadability, slip and tenacity), the rheological structure of the resulting creams and the caffeine release from the obtained preparations. The results showed that the properties of these creams and their drug release depended upon the kind of the emulsifiers utilised. What is more, all preparations have a pseudoplastic character of flow and most of them have significant thixotropy. Furthermore, the amount of released caffeine is the largest from the MDS cream, and this emulsifier seems to be the most optimal in all the examined items.
INTRODUCTION
Caffeine, a tooted 'active ingredient', is one of the most common additives in many cosmetic products. It is also frequently used in skin penetration experiments as means of modeling the highly water-soluble compounds which are unchanged by occlusion and skin thickness [12, 16, 17, 18] . This alkaloid belongs to the methyl-xanthines group, and it has demonstrated antioxidant and anti-inflammatory activities. It has been fully researched, and its purported properties include firming the skin, increasing its elasticity and decreasing the skin's cellulite content. Hence, caffeine is a key ingredient in anticellulite products because of its effect on adipocyte lipolysis through the inhibition of phosphoesterase and the stimulation of a high intracellular level of cAMP [15, 17] . Caffeine also supposedly slows down lipogenesis and stimulates lipolysis in a variety of diverse ways [3] . What is more, many publications have shown the stimulating effect of topically applied caffeine complexes on hair growth. This is due to its effect on increasing hair fiber diameter [5, 10] .
The inflluence of emulsifiers on physical properties and release parameters of creams with caffeine
Beside the active substance, utilizing a suitable emulsifier is very important in the production of cosmetic creams. There are many synthetic and natural emulsifiers employed, but the choice of appropriate emulsifier is particularly very important in the production of biphasic cosmetics, as the chosen emulsifier can have a significant influence on the resulting preparation's physicochemical properties, stability and application values [2, 14] . In the current literature, there is not a lot of information on this subject, thus, the aim of this study was to ascertain the properties of four creams containing 5% of caffeine, but based upon four different emulsifiers (GSC, Sodium polyacrylate, Emulsifying Base EB and MDS), by comparing and defining the influence of these emulsifiers on the physical properties, rheology and release parameters of the creams.
MATERIALS AND METHODS

Chemicals
Caffeine anhydrous was purchased from Sigma-Aldrich Chemie Gmbh, Germany. Methyl Glucose Sesquistearate (MDS), Glyceryl Stearate Citrate (GSC), Emulsifying Base (EB) and Sweet almond oil were acquired from Sigma SPA, IMCD, Warsaw. Cetyl alcohol was purchased from Galenic Laboratory, Olsztyn. The remaining utilized chemicals were produced by Avantor Performance Materials, Poland S.A.
Apparatus
Magnetic stirrer -Type MM 6; Mixer Cito-Unguator c/s -Eprus; Extensometer; Rheotest 2 viscometer -Medingen, Germany; Ultratermostat MLW UH 4-VEB MLWMedingen, Germany; Dialysis membrane -Visking ® Serva; Spectrophotometer Helios Omega UV-Vis -SpectroLab, Poland; Paddle Apparatus Erweka DT-600 -Germany.
Cream preparation
The concentration of caffeine in all produced creams was 5%. Four kinds of creams (C1, C2, C3, C4) were prepared. Their composition is given in Table 1 .
The caffeine was dissolved in warm water (phase 1), while the cetyl alcohol, isopropyl myristate and the emulsifier were melted within warm Sweet almond oil (phase 2). After cooling, phase 2 was added to phase 1, and the resulting product was stirred to obtain a homogenous cream. All preparations were then additionally homogenized in the unguator, to obtain uniform consistency. Sweet almand oil 13 13 13 13
GSC -Glyceryl Stearate Citrate; EB -Glyceryl Stearate, Cetyl alcohol, Stearic acid, Lauryl Sodium Glutamate; MGS -Methyl Glucose Sesquistearate
The physical properties of creams Determination of the spreadability The spreadability of each tested cream was measured in the extensometer at 20°C ± 0.1°C [1, 9] . The relationship between the load added every 60 seconds and the stretched surface of the cream under test (mm 2 ), with the standard deviation (SD), is presented in Figure 1 . 
Determination of the slip
The slip test measured the load that induced the movement of two plates separated by the cream that is under test. The average of three measurements per tested cream is showed in Figure 2 .
Determination of the tenacity
The tenacity test was conducted in an apparatus set up according to the Münzel project [11] . This apparatus consists of two stainless steel plates of 27 mm diameter. On the lower stationary plate, an equal amount of cream was applied. This was then covered with the upper plate which was suspended by a string and attached to a balance dish. To this, 5g of weight was added every 20 seconds until the top plate detached from the bottom plate. The averages of 6 measurements are presented in Figure 2 . 
Rheological studies
Rheological studies are very important for the determination of the stability, the viscosity and the fluidity characteristics of creams. Moreover, such studies are important for ascertaining whether thixotropy appears. Furthermore, rheological studies enable the prediction of the behavior of the skin preparations during production, storage and use [6, 7, 8] .
Such measurements were performed after homogenization, by way of using a "Rheotest-2" with thermostat, at 20°C and 32°C, and at a shear rate (Dr) between 1.5 to 656.0 s -1 . The relative viscosity coefficient (k), power law index (n) and hysteresis loop area ΔH were calculated using Ostwald de Waele's power-low model τ r = k · D r n . These are given in Table 2 . The rheograms of each cream are presented in Figures 3,4 . 
Caffeine release studies The estimation of caffeine content
The quantitative analysis of caffeine was adopted from that set out in Polish Pharmacopeia IX. The UV spectrum analysis, as well as the calibration graph of caffeine was presented in a previous study [19] . For the estimation of caffeine content in the examined preparations, 1 g samples of each cream C1, C2, C3 or C4 were transferred into volumetric flasks, which were then completed with a phosphate buffer (pH 6.8 to 100 ml). Subsequently, 10 ml of each solution was diluted to 100 ml with the same buffer, and the caffeine content was determined against a blank of phosphate buffer (pH 6.8 at 273 nm). The blank basis (without caffeine) showed no absorbance. The measurements were repeated three times. The results are given in Table 3 . 
SD -standard deviation, RSD -relative standard deviation
Caffeine release Caffeine release studies were conducted by way of employing the dialysis method, in an extraction chamber, and through utilizing a Paddle Apparatus [4, 13] (the speed rate of the paddle being 75 rpm). This was done in the presence of a phosphate buffer (pH 6.8 at 32°C ± 1°C). In the study, 2 g of each cream was weighed into the extraction chamber. The releasing was conducted after hydration utilizing an acceptor solution, through a dialysis membrane (Visking ® Serva, with a pore diameter of 0.45 µm). Subsequently, 5 ml samples were taken after 15, 30, 60, 120, 180 min, and the remainder was completed with the phosphate buffer to the initial volume. Caffeine release was estimated spectrophotometrically at 273 nm, and the caffeine concentration was calculated from the regression equation (taking into account the dilution). The results are presented as the average of five measurements, in Figure 5 .
RESULTS AND DISCUSSION
Four preparations (C1, C2, C3, C4) containing 5% of caffeine, sweet almond oil and one of the four emulsifiers (GSC, Sodium polyacrylate, EB, MGS) were prepared.
In the organoleptic estimation, all preparations were found to be homogenous. They had a white color and had no odour. After skin application, they were found to lubricate and to be absorbed very well.
The spreadability tests (Fig.1) show that the cream preparation consisting of the emulsifying base EB (C3) has the best spreadability (which was from about 3000 mm 2 at a 200 g load, to 5987 mm 2 ± 64.76 mm 2 at a 1200 g load). Within this parameter, sodium polyacrylate (C2) based cream has the worst (at a 1200 g load, the surface was 2403.50 mm 2 ± 41.08 mm 2 ). The other creams (C1 and C4) have a similar spreadability (3523.86 mm 2 ± 85.89 mm 2 for C1 and 3647.66 mm 2 ± 25.26 mm 2 for C4). These results did not depend on load. Moreover, changes of spreadability in these creams are not significant.
The results of the slip tests (Fig. 2) show that creams C1, C3, C4 are similar: 10.65 g ± 0.11 g -13.88 g ± 0.04 g, while cream C2 has the worst slip parameters -21.43 g ± 0.67 g.
The best tenacity (Fig.2) was evidenced in cream C2 -72.08 g ± 2.84 g. The other results regarding this attribute are: C3 -58.57 g ± 2.93 g, C1 -48.09 g ± 3.06 g, C4 -31.38 g ± 1.58 g.
The rheological studies reveal that all creams, but C2, have a pseudoplastic character of flowing at 20°C and 32°C (Fig. 3,4) , according to the Oswald de Waele's power law model. Regarding cream C2, at 32°C, in this case, the several attempts of carrying out the measurements have failed. The power low index (n) for all preparations was 0.0806 -0.2965 at 20°C, and 0.2841 -0.3322 at 32°C. The viscosity of the creams at the shear rate Dr = 24.3 s -1 , at 20°C was 2089.55 mPa·s for C1, 2825.64 mPa·s for C2, 2192.44 mPa·s for C3 and 1590.91 mPa·s for C4. At 32°C, the results were, respectively, 973.54 mPa·s for C1, 1258.48 mPa·s for C3 and 1464.27 mPa·s for C4. All the creams, at both temperatures, showed a thixotropy. At 20°C, the highest hysteresis loop area (∆H) was seen for cream C2 (53763.42 mPa·s), and the lowest was seen for cream Current Issues in Pharmacy and Medical Sciences C3 (12080.07 mPa·s). The creams C1 and C4 had a similar thixotropy (respectively, 34921.29 mPa·s and 32576.75 mPa·s). At 32°C, the size of thixotropy was smaller. At this temperature, the hysteresis loop area (∆H) was similar for creams C1 and C4 (respectively, 28974.34 mPa·s and 26419.39 mPa·s), and, regarding this parameter, the lowest value was seen for cream C3 (16675.01 mPa·s) (Tab. 2).
The quantitative analysis of caffeine was undertaken according to Polish Pharmacopeia IX. The selectivity and the precision of the employed method for the analysis of caffeine in the subject creams are described in a previous study [19] . The same method was applied for the determination of caffeine content in all the prepared creams. This showed that the drug content in the preparations was found to be: 5.01% ± 5.91% (RSD) for C1, 5.03% ± 1.77% (RSD) for C2, 5.04% ± 0.84% (RSD) for C3, and 5.06% ± 0.87% (RSD) for C4 (Tab. 3). The accuracy of this method was confirmed by way of Student's t-test.
The release studies showed that after 180 min., the best caffeine release was achieved from the cream with MGS as the emulsifier (C4): 74.05% ± 1.76% (SD), and the worst was seen from the cream with EB as the emulsifier (C3): 45.49% ± 1.45% (SD). The drug released in the other creams were, respectively: 66.63% ± 0.51% (SD) for the GSC-based cream (C1) and 65.40% ± 0.80% (SD) for the sodium polyacrylate-based cream (C2). All the results are presented in Figure 5 . 
CONCLUSIONS
The results show that the physical properties and the drug release depend on the kind of emulsifier utilized. The best physical parameters were obtained for the cream based upon EB as the emulsifier (C3), but the amount of the released caffeine was the worst in this case, while the best caffeine release was achieved from the MGS-based cream (C4). All the preparations had a pseudoplastic character of flowing, while the thixotropy was significant in preparations C2, C1 and C4 at 20°C, and C1 and C4 at 32°C. Taking into account all the results, we can conclude that cream C4 has the most optimal properties. Thus, MGS (Methyl Glucose Sesquistearate) was seen to be the best of all examined emulsifiers.
